and 24 hours after the 4th subeultivation, and then
The selection of Compound I was based on experiments with chick fibroblast cultures, in which it was shown that Compound I produced mitotic inhibition in concentrations in the region of 4 x 10-6m, and that potentiation of the effects of X-radiation and of Compound I in inhibiting mitosis appeared to occur under suit-able conditions.
Tissue culture provides a very sensitive experimeinta.] method which can be apphed quantitatively to study the direct effects produced by chemical agents and ionising radiations on ceRs growing in vitro. This paper is an account of further work on the use of chick fibroblast cultures to examine the mechanism of action of Compound 1, and deals mainly with the development of quantitative experimental methods and the analysis of the potentiation by Compound I of the mitotic inhibition and abnormal mitosis produced by X-rays.
METHODS.
(i) Ti88ue culture technique.
The tissues used were taken from the choroid and sclerotic of 10 to 11-day chick embryos. The cultures were grown by the hanging-drop technique in a medium consisting of equal parts of fowl plasma and 15 per cent chick embryo extract in Ty-rode solution. The explants were subcultured every 48 hours for 4 passages to obtain as uniform growth as possible. Fresh embryo extract was used. Groups of cultures, each from the 4th passage, were selected and matched and used for experimental material and controls. The compounds to be tested were added usually in aqueous solution to the embryo extract to produce the required final molar concentration. The cultures were incubated at 39' C. for different times, usually 3, 6, 12 (1949, 1952) .
Phase contrast microscopy has been used in a few cases to observe directly the effects of the chemicals on the living cells in culture.
(ii) Radiological details.
The primary X-radiation used was of equivalent wave-length 0-221k, as deduced from the H.V.L. 0-40 mm. copper (Grebe and Nitzge, 1930; Lamerton, 1940 Greeniing, 1947 The X-radiation was of oquivalent wave-length 0-22A. The dose's wore given in a fixed time 2'-00 minut-es except in tho case of the three points marked x, f6r which tho radiation was given at 200 r per minute. There is a linear relation botween tho mitotic inhibition in probits and log dose.
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For 50 per cont mitotic inhibitioii, tho dose is 315 22 Potentiation by Compound I of -ititotic Inhibition Produced by X-Rays. As the basis for the study of potentiation, it was necessary to measure the initotic inhibition produced by X-radiation and by I acting separately oii the chick fibroblast cultures -tinder the present experimental conditions. FIG, 6, 7, 8, 9, 10 Many studies of the effects of X-and y-rays or chick fibroblast cultures have been made (Spear, 1935; Lasnitzki and Lea, 1940;  Gray, Mottram, Read and Spear, 1940; Paterson, 1942; Simon-Reuss and Spear, 1947) . The information now required concerns the relation between the mitotic inhibition observed after 6 hours and the dose of X-radiation, together with evaluation of the dose corresponding to 50 per cent mitotic inhibitiOD. The results of the present experiments are surnmarised in Fig. 1 . Each of the 18POiDtS iSobtained from mi-totic counts on 4 to 6 irradiated cultures (usually 6 except for breakages) and 6 control cultures. The doses were given in a fixed time, 2-00 minutes, except in the case of tlle three points marked, for which the radiation was delivered at 200 r per minute. The mitotic inhibition in probits is plotted against log dos-, (Finney, 1947 For the experimental conditions it is concluded that the combination of the action of X-radiation and of the Compound I shows potentiabion of mitotic inhibition, and that the mechanism of action of the two agents is different. Cytological Effects. Tlio cytological changes produced by Compound I in the chick fibi-oblast cultures differ in some ways from those produced by X-rays. Perhaps the most fundamental difference is that anaphase bridges are only rarely produced by'the compound, unlike X-rays.
After the application of Compound I to the hving ceRs, the first change observed is temporary cell enlargement, presumably due at least in part to hydration (" cell oedema "). This does not occur with 5 X 10-7Mconcentration, but has been observed in its early stages at 2 minutes after application of the compound in concentration 5 x 10-6M. The change is obvious after 5 Fig. 6, 7, 8, 9 and I 0. Enlargement of some of the dividing cells is characteristic (Fig. 6, 7 and 9 ). The commonest abnormality is clumping of the chromosomes, usually observed at metaphase (Fig. 8) . Although it is difficult to study the chromosomes in the chick fibroblasts in culture, it is possible to discern chromosome fragmentation and chromosomes showing regions of impaired stainabihty, presumably due to deficiency of deoxyribonucleic acid, and irregular and " beaded " structure, similar to the " erosion " described by Levan (1949) (Fig.  7) . Multipolar mitoses are not very common (Fig. 9) . Anaphase bridges are almost never produced by the compound alone, but tvpical anaphase bridges are observed after the combined action of the compound a..d X-radiation (Fig. 10) .
At high concentrations, e.g., at 24 hours after the application of 5 X 10-5M concentration, when only few mitoses persist, many of the resting cells are flattened and still enlarged, and most of the metaphases are clumped and enlarged with cytoplasmic vacuolation. The outgrowth is reduced and irregular.
The mitotic abnormalities produced by the combined action of Compound I and X-radiation are exemplified in Table 11 . With the combination (f), clumped metaphases are the commonest mitotic abnormality, but chromosome fraginentation occurs with a frequency convincingly higher than that to be expected on the basis of additivity of the effects in (c) and (e) ; X2 >16-9 for I degree of freedom, so that P is less than -001. It is concluded that the combined action of Compound * Also 1 tripolar met-aphase.
I and X-radiation shows potentiation of chromosome fragmentation. This finding is of particular interest in connection with possible radiotherapeutic applications.
Instability of Compound I in Solution. Studies of the thermal instability of Compound I in aqueous solution were made because of erratic results in animal experiments and clinical trials. Compound I in solutions containing 500 mg. in 5 ml. in nitrogen-filled ampoules, as supplied by the manufa'cturers, was incubated at 39' C. for varying intervals, and thein applied to the chick fibroblast cultures in concentration 5 x 10-6Mfor 24 hours in the usual way. The mitotic counts obtained are given in Table Ill. It   TABLE III. -Instab'tlity of Compound I.
Afitotic counts in cultures fixed at 24 hours after application of 5 X 10-6M.
Compound I which had been incubated at 39'C. for varying intervals in solutions containing 500 mg. in 5 ml. in nitrogen-filled ampoules. Id,effi, AND READ7 J. -(1944) Ibid., 172 271,  
